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ABSTRACT — Ani ion of carly i stages in ion halige (Callins)
Aponte, Ballantine er LN, Norris from North Carolina yiclded results tha were af variance with
previously published observations for the tribe Callithamnicae. The carliest events were identical with
previously published reports: the fertilized carpogonium divides longitudinally into two cells, the
supporting cell and an apposite periaxial cell cach cut off auxiliary cells. and each of the two
carpogonial derivative celis cuts off a connecting cell. Following fusion of @ connecting cell with an
auxiliary coll, additional stages were observed: the diploid nucleus divides and one of the daughter
puclci enters the ausiliary cell, while (he other is extruded and cut off in an external eell that resembles
the original connecting cell: the auxiliary cell cleaves transversely by an incomplete scptum into u foat
cell containing one or two haploid nuclei and a gonimoblast initial containing the dipioid bucleus.
Gonimoblasts develop in the usual manner. The additional postfertilization stages scen here in
Aglaothamnion have not been reported previously in the Callithamnicac or clsewhere in the Ceramia-
ceae.

RESUME — Une étude des évé uivant Ta & ion, chez fon haltide (Collins)
Aponte, Ballantine er JN. Norris de Caroline du nord, a conduit a des résultats qui varient pac
cagport aur observations publics jusqu's présent pour l tribu des Callthamniac. Les premicrs

x observations publié e carpogone fécondé se divise
longltudmal:ment en deux cellules, Ia cellule support et une cellule périaxiale opposée, chacune
produisant une cellule auxiliaire, puis. chacune des deux cellules dérivant de Ja division du carpogone
produit unecellute de jonction. Aprés la fusion d'unc cellule de jonction avec une cellule auxiliaire, des
événements additionels ont été observées : le noyau diploide s divise et un des noyaux fils pénétre
dans Ta cellule ausiliaire, tandis que Pautre est expulsé et isolé vers Pextérieur. dans une cellule qui
sessemble 4 la collule de jonction ; la cellule auxiliaire se divise transversalement au moyen d'une
cloison incompléte en une cellule pied contenant un ou deux noyaux haploides et une initiale du
gonimoblaste contenant le noyau diploide. Le gonimobiaste se dévcioppe de I maniére habituelle
Les évé 1s sui observés ici chez ot pas té
rapportés auparavant chez kes Callithamniae ni chez aucun autre graupe au sein des Ceramiaceae.
(Traduit par la Rédaction)
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INTRODUCTION

Qitmanns (1904) established the Ceramiales to include taxa in which an auxi-
Tary cell is cut off from the supporting cell of the carpogonial branch and sometimes also
from adjacent periaxial cells in the fertile whorl after fertilization. In a few instances it has
been shown that the supporting cell enlarges after fertilization and functions directly as the
recipient of the connecting cell, dividing only afterwards (Dixon, 1964; Baldock, 1976).
Except for this minor modification, Oltmanns’ key character has proved to be diagnostic
for all families and genera placed in the Ceramiales. Much less is known about mecha-
nisms by which a derivative of the fertilization nucleus is transterred from the carpogo-
nium to an auxifiary cell, In no instance has it been shown that transfer takes place direetly
without the prior division of the zygote nucleus and, indeed, most evidence indicates that
the fertilization nucleus normally divides twice to produce either three or four nuclei
before transfer occurs (Hommersand & Fredericq, 1990). Nuclear transfer has been
reperted to take place by direct fusion of the carpogonium with the auxiliary cell, by a
connecting tube linking the carpogoenium to the auxiliary cell, or indirectly by means of a
connecting cell or a short two- to three-celled connecting filament (Dixon, 1973),

Tn 1898, Oltmanns investigated the formation ol auxiliary cells und followed the
transfer of the sporogenous nuclei (diploid nuclei) by means of sporogenous cells (=
connecting cells) in Callithamnion corymbosum (JE. Smith) Lyngbye using material
stained with Heidenhain’s iron alum hematoxylin, Based on earlier studies and his own
observations, Oltmanns (1904, 1922) expressed the opinion that *Calfithamnion, the most
studied example, may serve as the representative type for the Ceramiaceae”, Connecting
cells have been illustrated occasionally for members of the Callithamnicac since Oft-
manns; for example, by Kylin (1923) for Aglaothamnion byssoides Arnott ex Harvey in W.I.
Hooker) L’ Hardy-Halos (as Callithamnion furcellariae 1. Agardh) by G. Feldmann (1941)
for Seirospora giraudyi (Kiitzing) De Toni. and by O'Kelly & Baca (1984), who followed
the time course of carpogomal branch and urpospowphyxc development in an undescri-
bed species of A4, i Borgesen, see Rueness &
L’Hardy-Halos, 1991). Mare nl'len. mnnectlng cells have been Ulustrated in proximity to
auxiliary cells that have already produced gonimoblasts, asif they persisted in the position
in which they were initially formed. Examples inciude: lono (1977) in Callithannion
aglaothampicidey 1tono, and Kajimura (1990) in Calfithamnion callophyilidicola Yamada.

Connecting cells are fairly large and filled with cytoplasm in some Ceramiaceae,
whereas in others they are small and relatively free of cytoplasm. The larger ones, which
were referred 1o by Wollaston (1968) as “tube-like connecting cclls™ in Heterathamnion
muclleri (Sonder) J. Agardh may well have been a tube that has detached from the
carpogonial end after uniting with the auxiliary cell. The Dasyaceae have long been
thought to possess connecting cells {Olumnns 1898; Parsons, 1975), whercas the Deles-
seriaceae have been said 1o luck them, except in Caloglossu (Papenfuss, 1961). The claim by
Magps & d (1993) that cells are widely distributed in the Delesse-
riaceae was iflustrated for the first time in Myriogramme by Hommersand & Fredericq
(1997). Diploidization has heen said to be mediated by connecting cells in the important
case of Polyyiphonia (Hommersand & Fredericq, 1990) and by direct fusion between the
carpogonium and the auxiliary cell {Broadwater & Scott, 1982),
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In view of the wide disparity among published observations and opinions as to
just how a derivative of the fertilization nucleus reaches the auxiliary cell and what
happens immediately afierward, it is appropriate to rLlnvc<l|galL the diploidization of the
auxiliary cell in a ive of the Callith It would have been preremhle to
study this process in the type species of Caifith ion, C. cory
previously by Oltmanns; however, in the absence of suitable material of that species the
present study was carried out on Aglavthamnion halliae from North Carolina.
Aglaothamnion hallme (Coliins) Aponte, Balldnune et IN, Norns is a new
ion for & plant p Iy described as Agl brookiue Rueness el
L ‘Hardy-Halos and prior to that known as Callithamnion byssoides Arnotl ex Harvey in
W.1. Hooker, or C. pseudobyssoides P. Crouan et H. Crouan. (See Schneider & Searles,
1991: Rueness & L'Mardy-Halos, 1991; and Aponte es af., 1997 ; for the complete
synonymy for this species and records of its North American distribution), Aglacthamnion
is separated from Caflithamnion primarily on the basis that vegetative cells arc mostly
uninucleate in the [ormer and mostly multinucleate in the latter (Feldmann-Mazoyer,
1941; Maggs & F d, 1993). The reproductive is essentiallly the
same in both genera.

MATERIALS AND METHODS

Morphological studies of Agiaoth ion hallige were made on material found
growing attached to the scawall connecting to the jetty on the north side of Masonboro
Inlet, Wrightsville Beach, New Hanover Co., Neorth Carolina, by M. H. Hommersand on
May 13, 1980, and fixed in 8-10% Formalin/seawater, Wholemount preparations were
stained with Wittmann's acelo-iron-hacmatoxylin-chloral hydrate (Wittmann, 1965) and
transferred to Piccolyte® as described in Hommersand and Fredericq (1997).

OBSERVATIONS

Stages of procarp development and spermatial attachment to the trichogyne
were not followed in this study. Figure | illustrates an early postfertilization stage in which
the supporting cell of the carpogonial branch and the cell borne opposite it on the fertile
axial cell have begun to enlarge and become densely filled with cytopiasm. The carpogo-
nium facks a trichogyne remnant and contains an cnlarged, prcsumably diploid nucleus.
The second and third cells of the carpogonlal branch each C()nldln Lwo nuclei at this and

L stages. The carg next cleaves fly into two cells (Fig. 2).
Remnant cytoplacmxc strands are sometimes seen linking the two cells; however, typical
pit connections containing pit plugs are not formed. By this time, the first cell of the
carpogonial branch also usually contains two nuclei. Occasionally the carpogonium
divides longitudinally twice, cutting off 2 derivative cell on each side (Fig. 5), but this is a
comparatively rare event. Each of the two celis derived from the division of the carpogo-
nium next cuts off a connecting cell adjacent to a prominent beak that develops on the
auxiliary cell (Fig. 3). The connecting cell consists of a densely compact rucleus surroun-
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ded by a hyaline region and an outer cell membrane or thin cell wall, Pit connections
containing pit plugs were never formed in association with the connecting cells. The nuctei
in the connecting cells apparently initiate mitosis, passing into metaphase prior to fusing
with an auxiliary cell (Fig. 4, left arrow). A connecting cell fuses with the beak portion of
the auxiliary ccll and continues undergoing mitosis as illustrated by the anaphase stage
shown in Figure 4 (right arrow). The mitotic stimulus extends to the division of the
haploid nucleus below which is seen in anaphase (Fig. 4, hn). Once nuclear division is
complete, one of the nuclei enlarges inside the beak portion of the auxiliary cell (Fig. 5.
arrowheads) while the second smaller nucleus is exiruded to the outside on the side on
which the connecting cell originated (Fig. 5, arrows). This latter cell persists through Jater
stages of gonimoblast development and is easily confused with the connecting cell. The
two haploid nuclei at the base of the auxiliary cell become separated inte a foot cell by an
incomplete septum without the formation of a pit plug (Fig. 5). The nucleus in the beak
portion of the auxilary cell next divides (Fig. 6). One ol the daughter nuclei moves into the
central portion of the auxiliary cell while the other remains in the beak. In later stages the
main portion of the auxiliary cell forms the terminal gonimolobe while the beak portion
is cut off as a one-celled lateral gonimolobe initial (Fig. 7, arrowheads). This cell will
ultimately produce the first lateral gonimolobe. Each of the celis derived from the first
division of the nucleus inside the auxiliary cell that were disposed to the outside remain
clearly visible, and resemble the original connecting cells (Fig. 7, arrows). Likewise, the
supporting cell, foot cell, primary gonimoblast cell and cells of the gonimoblasts and
gonimolubea as well as the four cells of the carpogonial branch and derivative cells of the
carpogonium percls( and are easily recognized dunng edr]y stages of gonimoblast deve-
lopment (Fig. 7 stages of i and carpospore matu-
ration take place as reported by O'Kelly & Baca (1984).

DISCUSSION

Most of the postfertilization stages described here for Aglaothamnion halliue are
consistent with those reported by Oltmanns (1898, PI. V1, figs. 1-13) for Callithamnion
corymbosum and reviewed by him (1904, 1922). Figures 3 & 4 in Oltmanns {1898}
correspond to Figs. | & 2 here. His figure 5 shows a disrupted procarp with 1- and 2-celled
connecting cells containing nuclei in which the cells are linked by pit connections, Since pit
plugs were absent in my material, their possible presence in Callithamnion corymbosum
requires reinvestigation. Unlike some later workers, Oltmanns used the term “sporoge-
nous cell” (= connecting cell) only for the evanescent cell that transfers the “sporagenous
nucleus™ to the auxiliary cell (Oltmanns. 1898. pl. V1. fig. 6). Similar connecting cells are
shown here in Figure 3. Figures 7-10 in Oltmanns show the division of the sporogencus
aucleus and the migration of one of the nuclei into the beak of the auxiliary cell followed
by the division of the auxiliary cell into a foot cell and a “central cell’” (= gonimoblast
imitial). The foot cell contains the undivided auxiliary ceil nucleus and the unmodified
sporogenous nucleus. His observation that the auxiliary cefl divides into a foot cell
conltaining a haploid and a diploid nucleus and a primary g(mimohlas[ cell containing a
diploid nucleus in C. corymbosum was reaftirmed by Olemanns in 2 color diagram in 1904
(Flg 449& 7-9) and agdm in1922 (Flg 591, 7-9). This pattern has been reported elsewhere

57 s of the C ieae (Kraft, 1988) and Spyridia of the Spyrideae
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{Hommersand, 1963), and may prove to be widespread in the Ceramiaceae when nuclear
events have been described in other iribes.

The observation reported here that one of the nuclei resulting from the first
division inside the auxiliary cell is extruded and cut off to the outside in a persistent cell
that resembles a connecting cell is unique, so far, for the tribe Callithamnieas and the
Ceramiaceae. Interestingly, Oltmanns (1898, pl. VI, Fig. [2) illustrates two persistent
extruded cells in the same position as the ones shown here in Figures 6 and 7. Since his fig.
12 is nol one of the figures reproduced later in 1904 or 1922, the significance of this cell
may have been overlooked. While the sporogenous mucleus present in each of these two
cells is labeled, the cell itsell is not. Clearly, Oltmanns never confused this cell with a
connecting cell, but he did not clarifly the relationship of these cells to the foot cell shown
in fig. 13 which lacks a diploid nucleus but contains two haploid nuclei.

The incomplete septation of the auxiliary cell into a foot cell containing only the
haploid nuclei and a gonimoblast initial (hal reccives the diploid nucleus has also not
received specific mention for the Ceramiaceae. Huisman & Kraft (1992) reporied that the
haploid nuclei are deleted from the auxiliary cell into a ‘disposal” cell after diploidization
in Guiryella repens Huisman er Kraft. In this species the disposal cell is cut off laterally
from the auxiliary cell and persists as a detached cell. It differs in this respect [rom a ‘foot”
cell which occupies an intercalary position between the supporting cell and the primary
gonimoblast cell. As these authors point out, the disposal cell performs a similar function
to a foot cell in servmg as a nuclear-: segregatmg device which may be necessary for
compar [i: the diploid carposp from the hapioid gametophyte genera-
tion.

Two types of foot cells have now been documented for members of the tribe
Callithamnieae, one in which the foot cell contains both a diploid and one or two haploid
nuclei, as in Seiraspora orientaiis (Kraft, 1988), and one in which the foot cell contains oaly
haploid nuclei, as in Aglaothamnion halliae reporied here. The situation in Callithamnion
corymbosum is ambiguous and requires reinvestigation. Future studies will establish
whether the two types are variable or genetically fixed within a species, and whether or not
these postfertilization behavior patterns may serve as diagnostic characters at the species
or genus level in the Callithammicae.
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Figs 1-3. Aglaothamnion hallie. Fig. |. Barly post fertilization stage showing an enlarged supporting
el (suy bearing a four celled carpogonial branch (1-4) and an enlarged festle pericentral cell (p) on

side. The enlarged nucleus (dn) in the carpagonium is presumed to be diploid. Fig. 2. The
carpogonium has divided longitudinally into two colls (4, 4a) containing diploid nuclei (an). Fig, 3
The supporting cell (su) and fertile pericentral cell (p} have cach cut off an auxiliary cell (aux) with &
prominent lateral beak. Derivatives of the carpogonium (4, 4a) have each cut off connecting cells
(com).
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270 M. H. HOMMERSAND

10 pm

Figs 4-5. Aglaothamnion halliae, Fig. 4. The connecting cell cut off from the carpogonium (4} is in
‘metaphase (arrow on left), and the one cut off from the carpogonial derivative cell (4a) has fused with
the auxiliary cell and is in anaphase (arrow on tight). The haploid auxiliary cell nucleus (hn) at the
base of the auxiliary cellis also in anaphase. Fig. 5. Division ol Lhe nuclei inside the two auxiliary cells
is now complete with one nucleus enlarging inside each auxiliary cell (arrowheads} and the other,
extruded in the direction of the original connecting cell, is being pinched off (arrows). Auxiliary cells
on each side (aux) have septated by an incomplete cleavage into a foot cell (ft) containing two haploid
nuclei (hn) and a gonimoblast initial {yi).
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Figs 6-7. Aglaothamnion halliae. Fig. 6. Transverse
The one on top is two-celled and the one behind is one-celled e o
small cells containing the nuciei extruded after the first nuclear division are distinct (arrows). Fig. 7.
Paired young gonimoblasts. A foot cell (f0) is seen at the base of the gonimoblasts (gon) on the right.
The terminal portion has produced the first gomimolobe, while the ltcral beak has been cut off as &
one-celicd imitial (ar Thy ining the extruded diploid nuclei from the
first division of the auxiliary cell have persisted (arrows).

The
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